We investigate the relationship between X-ray and optical line emission in 340 nearby (z 0.04) AGN selected above 10 keV using Swift BAT. We find a weak correlation between the extinction corrected [O III] and hard X-ray luminosity (L int Factors like obscuration or physical slit size are not found to be a significant part of the large scatter. In contrast, the optical emission lines show much better correlations with each other (σ = 0.3 dex) than with the X-ray flux. The inherent large scatter questions the common usage of narrow emission lines as AGN bolometric luminosity indicators and suggests that other issues such as geometrical differences in the scattering of the ionized gas or long term AGN variability are important.
INTRODUCTION
The bolometric luminosity (L bol ) of unobscured AGN estimated from the spectral energy distribution (SED) fitting technique using optical, UV, and X-ray data shows a tight correlation with hard X-ray data alone (e.g., 14−195 keV with a scatter of 0.3 dex, Vasudevan et al. 2009 ) though X-ray surveys may not detect heavily obscured Compton-thick AGN (N H > 10 24 cm −2 ). Strong observational correlation has also been found between UV emission and X-ray emission (Steffen et al. 2006; Young et al. 2010) . The use of [O III] λ 5007 to infer AGN bolometric luminosities has a long history (e.g., Heckman et al. 2004; LaMassa et al. 2009; Kauffmann & Heckman 2009 ). It has been widely used to estimate the accretion rates of AGN using bolometric corrections based on the X-ray emission, the 5100Å monochromatic continuum or the mid-IR emission (e.g., Lamastra et al. 2009 ). However, several studies have noted that the strength of [O III] λ 5007 is modulated by factors including covering factor of the narrow-line region gas and its density (e.g., Netzer & Laor 1993) , and ionization parameter (e.g., Baskin & Laor 2005) .
Previous studies have compared X-ray emission with optical emission lines strengths in hard X-ray selected samples. ). Other works have also made use of the early results from the Swift BAT survey (9-month catalog, Tueller et al. 2008) to analyze optical and X-ray emission from AGN. Meléndez et al. (2008) studied the correlation between the [O III] λ 5007 line strength and two X-ray bands (2−10 keV and 14−195 keV) for 40 low redshift (z<0.08) BAT AGN from the 9-month catalog. Winter et al. (2010) made a similar analysis with a slightly larger sample (64 BAT AGN). Finally, an analysis of the full 9-month catalog has recently been completed (≈100 BAT AGN, Ueda et al. 2015, submitted) . Netzer et al. (2006) studied a sample of 52 obscured AGN at high redshift (z ≈1) suggesting that [O III] emission is weaker relative to 2−10 keV emission in high L X sources.
The Swift BAT 70-month all-sky survey enables us to analyze the optical and X-ray properties of a large sample of nearby AGN. It has detected 823 AGN to a flux limit of ≈ 10 −11 erg cm −2 s −1 over the whole sky (Baumgartner et al. 2013 ). Due to its detection method in the ultra hard X-rays (14−195 keV), the Swift BAT survey is not affected by obscuration (below Compton-thick levels) nor is it contaminated by stellar emission. Therefore, it also includes 'buried' obscured AGN that may not have been selected by optical surveys (e.g., Ueda et al. 2007) .
In this work, we use a sample of BAT AGN based on the 70-month catalog with an optical spectroscopic sample that is significantly larger than previous studies (340 objects). Our spectroscopic analysis also includes higher ionization lines not used previously (i.e., [Ne V] λ 3426) to study correlations between optical line emission and X-ray emission. The sample is presented in Section 2 and our analysis methods are described in Section 3. We study the correlation between [O III] and X-ray emission in Section 4.1, X-ray and other high ionization lines (i.e., [Ne III] λ 3869, He II λ 4686, and [Ne V] λ 3426) in Section 4.2, and the correlation between only optical emission lines in Section 4.3. Finally, a review of our results and a discussion is presented in Section 5.
SAMPLE
The optical data are taken from the BAT AGN Spectroscopic Survey (BASS) Data Release 1 (Koss et al., in prep.) , which gathered 559 optical spectra from targeted spectroscopic campaigns on BAT sources and public optical surveys (SDSS and 6DF, Alam et al. 2015; Jones et al. 2009 ). This sample is the largest and the most complete catalog of AGN optical spectra selected from the Swift hard X-ray survey. It contains 67.6% of the total AGN detections in the Swift BAT 70-month catalog and has a mean redshift of z = 0.10.
From this parent sample, we first remove the spectra coming from the 6dF survey because they lack flux calibration. We remove all blazars listed in the Roma blazar catalog (BZCAT) v5.0 (Massaro et al. 2009 ) since the X-ray emission in such sources is affected by differential beaming. We also apply two redshift cuts. The first one, z > 0.01, avoids very nearby star-forming galaxies (such as M82) and ensures that a significantly large portion of the ionized region within the galaxy is covered (i.e., >0.2 kpc). We also limit to z < 0.4 to avoid redder emission lines such as Hα from being shifted outside the observed wavelength interval. Additionally, we remove ten spectra due to calibration problems around the [O III] line. Finally, we exclude SDSS J155334.73+261441.4, a gravitationally lensed quasar (Ofek et al. 2007 ). The final sample totals 340 optical spectra with z = 0.05.
We define an emission line detection when we reach a SNR>3 of the line with respect to the noise of the adjacent continuum. The intrinsic 2−10 keV flux values and the column density measurements provided for 335/340 AGN are based on a homogeneous model fitting using the best available X-ray data with simultaneous modeling of the 0.2−10 keV band from XMM-Newton, Chandra, or Swift XRT and the 14−195 keV band from Swift BAT (details in Ricci et al., in prep) .
We use the AGN emission-line diagnostics (e.g., Baldwin et al. 1981; Veilleux & Osterbrock 1987) as updated by Kewley et al. (2006) to further classify our sample. We classify as low ionization nuclear emission-line region (LINER) any object that shows a LINER classification in either the [O I] λ 6300 or [S II] λ 6717, 6731 diagnostic. For the remaining AGN, we use the [N II] λ 6583 diagnostic, which is most sensitive to AGN, to differentiate between Seyfert AGN and HII/composite/ambiguous (17/340). We use the presence of a broad line in Hα to differentiate between type 1 (217/340) and type 2 objects (116/340). A more detailed description of the reduction procedures of the optical spectra, sample selection, and overall properties of the optical spectroscopic sample can be found in the BASS-I paper (Koss et al., in prep) .
ANALYSIS OF OPTICAL SPECTRA
We fit our sample of optical spectra using an extensive spectroscopic analysis toolkit for astronomy, PySpecKit, which uses a Levenberg-Marquardt algorithm for fitting (Ginsburg & Mirocha 2011 To estimate the continuum for the Hα complex, we use the wavelength regions 5800-6250Å and 6750-7000Å. For the Hβ complex, we use the 4660-4750Å (except around He II) and 5040-5200Å regions. The continuum around the [O II] spectral region is usually more complicated to fit due to a non-linear shape or because it lies at the blue limit of the wavelength coverage. To fit this blue continuum, we use the region between 3300Å and 4000Å except where the emission lines are located (± 15Å). To estimate errors in line fluxes and line widths, we use a Monte Carlo simulation that adds noise based on the error spectrum and reruns the fitting procedure 10 times. The flux uncertainty for the [O III] emission line is typically less than 1%. To correct our line ratios for dust extinction, we use the narrow Balmer line ratio (Hα/Hβ ) assuming an intrinsic ratio of R=3.1 (e.g., Ferland & Osterbrock 1986 ) and the Cardelli et al. (1989) reddening curve when both the narrow Hα and Hβ are detected. Figure 1 shows an example spectrum and best model fit. Next, we compare a one-to-one relation and the linear regression in logarithmic space to fit our data. For both slope fits, we remove the four largest outliers. For the line fitting, we use the python routine scipy.optimize.curve fit which provides a least squares approach (OLS(Y| X)) with the Levenberg-Marquardt gradient method for convergence. The black solid lines in the panels of Figure 2 show the best one-to-one relation (which would imply that −195 ). The best fit for the linear regression, shown with the red lines, is L int
RESULTS

X-ray and [O
To test if the linear regression is a significantly better fit, we run a F-test. The F-test compares the sum of the residuals squared of two different models. We obtain a F-value of 7.66 for the 14−195 keV flux and of 7.81 for the 2−10 keV flux. The resulting p-values are lower than 1% suggesting that the linear regression between the [O III] luminosity and the two X-ray bands is a significantly better model than a one-to-one relation. However, the improvement in the scatter is very small (≈ 0.01 dex). Therefore, we decided to use the one-to-one relation (the simplest model) for the rest of the analysis.
We also use the Astronomy Survival Analysis (ASURV) package from the STATCODES suite of utilities developed by Eric Feigelson (Feigelson 1985) . We determine the correlation between [O III] and X-ray luminosity in the presence of the 13 upper limits in [O III] . Specifically, we use the EM algorithm, though the Buckley James yields similar results. We find the best fit correlations is L int
∝ (L 14−195 ) 0.83±0.06 which is consistent with the least squares approach suggesting the small number of non-detections do not significantly change the slope of the correlation.
Finally, we use the OLS bisector method of line fitting which is more reliable at recovering the intrinsic slope in the presence of uncertainties in both the X and Y variables (e.g. Isobe 1990). Table  1 lists the best fit linear regressions for the luminosity-luminosity plots using the OLS bisector method as well as the standard deviation for the complete sample and various sub-samples (Type 1-1.9, Type 2, Seyferts, LINERs, and HII/composite/ambiguous). The LINERS and HII/composite objects (from the BPT classification; Baldwin et al. 1981; Veilleux & Osterbrock 1987) have on average lower X-ray and [O III] luminosities than Seyfert galaxies: log L LIN 
Correlations with obscuration and luminosity
The two upper panels of Figure 3 show the L int
/L X ratio as a function of X-ray luminosity. The red dots show the average trend and the error bars the average 1-σ scatter. First, we notice that there is no significant difference between the 2−10 keV (right panels) and the BAT (left panels) X-ray luminosity relations. There is a slight decrease of the [O III]/X-ray flux ratio when we go to higher X-ray luminosities, which is consistent though with being constant at a 3-σ level. Figure 4 illustrates the luminosity dependence of the flux ratio using histograms. The scatter slightly decreases towards high X-ray luminosity. This trend is not statistically significant, and is probably driven by the increase of the unobscured AGN fraction with high luminosities (receding torus model, e.g., Lawrence 1991; Simpson 1998 Simpson , 2005 Brightman et al. 2015) since unobscured AGN exhibit lower scatter than the obscured AGN (see central panels of Figure 3 , see below). The two lower panels of Figure 4 show a strong increase of the flux ratio as a function of the [O III] luminosity.
Dust and obscuration might still play a significant role in the relation between optical and X-ray emission even if the optical emission lines are corrected for host galaxy extinction using the Balmer decrement. The obscuring torus scatters a portion of the ionizing light from the nucleus and therefore also has an indirect effect on the optical emission line intensities. The two central panels of Figure 3 show the L int
/L X ratio as a function of the integrated column density N H . Our results show that the trend of the luminosity ratio is consistent with being constant from very low to very high levels of obscuration. This is true for the intrinsic 2−10 keV emission as well as for the 14−195 keV band. We obtain average ratios of log L int
/L int 2−10 = −2.01. However, the scatter strongly increases for N H > 10 22 cm −2 . We observe a scatter of σ = 0.47 for low obscuration AGN (N H < 10 22 cm −2 ) and of σ = 0.72 for high obscuration AGN (N H > 10 22 cm −2 ) in the case of the BAT X-ray band. The result is similar for the 2−10 keV emission. In order to quantify this change in scatter, we run a Levene's test. This test checks whether the two samples are drawn from distributions having a similar variance. We obtain a p-value = 6.52 × 10 −6 for the BAT band and of 2.35 × 10 −4 for the 2−10 keV band, implying a highly significant increase in the scatter from low to high obscuration in both X-ray bands.
Slit Size and Dilution
Due to different slit widths (0.75-3.0 ) used to observe the BAT AGN and the various redshifts of these AGN (0.01< z <0.4), our spectroscopic data cover regions between 0.2 kpc to the size of the entire host galaxy. In addition to that, the NLR size may vary from one galaxy to another and the variation is strongly dependent on the power of the AGN (e.g., Mor et al. 2009; Hainline et al. 2013 ). This change in the size of the observed region and in the size of the NLR has various implications for our measurements. First, the region we probe with the spectroscopic observations might not cover the entire ionized [O III] region for luminous sources at low redshift. We might therefore underestimate the [O III] flux for these objects. Alternatively in low luminosity AGN, the region we probe with the slit could be much larger than the size of the NLR with a significant contaminating component from the host galaxy.
We study L int
/L X as a function of the physical slit size in kpc (lower panels of Figure 3 ) to study these issues. Our results show that the scatter slightly decreases towards larger slit sizes while the ratio L int
/L X is constant. To further quantify this trend, we split our sample in two based on slit sizes > 3 kpc and slit sizes < 3 kpc. We observe that the scatter decreases by respectively 0.16 dex and 0.20 dex for the 14−195 keV and 2−10 keV band. However, this decrease in scatter is probably driven by the increase of the unobscured AGN fraction with high redshift rather than simply larger physical slit sizes.
Sample inhomogeneity
The BASS survey gathered optical spectra from various instruments with different data qualities (i.e., resolution, sensitivity, wavelength range). This lack of homogeneity in the data could artificially increase the scatter in the [O III] -X-ray relation. For this reason, we also analyze the SDSS sub-sample (110 AGN) because of their high quality in flux calibration ( Figure 5 ). We find that the scatter decreases by 0.09 dex for the 14−195 keV and 0.08 dex for the 2−10 keV band. In order to have a quantitative result for this change in scatter, we run again a Levene's test. The resulting p-values for the SDSS sub-sample are respectively 0.062 and 0.35 for the BAT and 2−10 keV X-ray bands which is not statistically significant. The fit of the SDSS sub-sample (red line) is similar to the fit of the total sample (black line) for both X-ray bands. This implies that we do not have any statistical offset due to systematics (like flux calibration issue). We conclude that there is no significant difference between the total sample and the SDSS sub-sample.
X-ray correlation with high and low ionization lines
Lines produced from high ionization (>40 eV) have the advantage of being less contaminated by host galaxy emission than lines produced from low ionization (<20 eV). Moreover, these lines are emitted in less extended regions, which implies that we cover a larger portion of their emitting regions in our observations than for low ionization lines. Finally, we include the Hα and Hβ emission lines as these lines are either not or less affected with respect to other lines by variations in metal abundances, ionization levels, and collisional effects. (Fisher r-to-z transformation) . The p-value is also reported in Table 2 . The result of this statistical analysis shows that we have p-value > 0.5 for all emission lines. The small differences between the linear relations are therefore not statistically significant. Figure 7 shows the relation between [O III] and other optical emission lines. We see from the scatter (∼0.3 dex) that these emission lines are tightly correlated together. The mean flux ratios, standard deviations and Pearson coefficients are summarized in Table 3 . One can especially notice the [O III] -[Ne III] relation that exhibits a scatter of σ = 0.24 dex. The two transitions originate from ions with comparable ionization energies (35.1 and 41 eV, respectively), and from gas with comparable critical densities (5 × 10 5 cm −3 and 7 × 10 6 cm −3 , respectively; Kogure & Leung 2007) which may explain the small scatter.
Relationships between optical emission lines
SUMMARY AND DISCUSSION
We have presented a study of emission line properties of the largest hard X-ray selected sample of AGN in the local Universe. Our conclusions are: (ii) = 0.45), this is only because they have brighter emission lines that exclude the population of LINERS or X-ray detected AGN classified as HII/comp. In general, all lines show a statistically similar level of scatter with the X-rays independent of ionization energy. Our analysis shows that the relation between optical emission lines and hard X-rays exist, but is very weak (at best σ ∼0.5 dex), no matter which optical emission line ([S II [Ne V]) or which X-ray flux (2−10 keV intrinsic or 14−195 keV). Additionally, calibration, obscuration, and physical slit size play only a small role in the scatter. This scatter is much larger than the scatter of X-ray compared to SED fits of unobscured BAT AGN using the UV (e.g., 14−195 keV scatter of 0.3 dex, Vasudevan et al. 2009 ). While our analysis focused on the hard X-rays (>2 keV), the soft X-rays (<2 keV) have been shown to be dominated by emission lines in several Seyfert AGN whose extended spatial profiles show morphological correlations with the [O III] (e.g. Bianchi 2006 , Wang et al. 2011 , Koss et al. 2015 . Thus, the soft X-rays coming from the emission line regions may shower a tighter correlation that is worth investigating in future studies.
These results therefore strongly suggest that the majority of the intrinsic scatter has physical origins related to the NLR gas. There are several mechanisms such as covering factor of the narrow-line region gas (e.g., Netzer & Laor 1993; Noguchi et al. 2010) , density dependence of [O III] (Crenshaw & Kraemer 2005) , differing ionization parameter (Baskin & Laor 2005) , contamination of the narrow emission lines from star formation (e.g., Wild et al. 2011) , errors in the Balmer decrement because of different distribution of Balmer lines and forbidden lines, and finally SED shape changes with luminosity (Netzer et al. 2006 ). Another possibility is AGN variability, where the X-ray emission varies on very short time scales (sub-parsec scale) and represents the instanta-neous accretion rate while the NLR which is orders of magnitude larger than the corona (100 parsec to kiloparsec scale), varies on much longer time scales and traces the average accretion rate (e.g., Mushotzky et al. 1993; Schawinski et al. 2015) . Future studies using high signal-to-noise Integral Field Unit (IFU) observations with wide wavelength coverage of large samples of AGN such as the Multi Unit Spectroscopic Explorer (MUSE; Bacon et al. 2010 ) are critical to map and study the importance of these different parameters. Finally, the Nuclear Spectroscopic Telescope Array (NuSTAR; Harrison et al. 2013 ) hard X-ray telescope is currently observing many BAT AGN as part of the legacy survey (Baloković et al., in prep.) with a 100 times increase in sensitivity which improves estimates of X-ray luminosity compared to BAT. , and GS-2011B-Q80 were used in this publication. We acknowledge the work that the Swift BAT team has done to make this work possible. The Kitt Peak National Observatory observations were obtained using MD-TAC time as part of the thesis of M.K. and L. W. at the University of Maryland. Kitt Peak National Observatory, National Optical Astronomy Observatory, is operated by the Association of Universities for Research in Astronomy (AURA), Inc., under cooperative agreement with the National Science Foundation. Funding for SDSS-III has been provided by the Alfred P. Sloan Foundation, the Participating Institutions, the National Science Foundation, and the U.S. Department of Energy Office of Science. This research made use of the NASA/IPAC Infrared Science Archive, which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration. Funding for the SDSS and SDSS-II has been provided by the Alfred P. Sloan Foundation, the Participating Institutions, the National Science Foundation, the U.S. Department of Energy, the National Aeronautics and Space Administration, the Japanese Monbukagakusho, the Max Planck Society, and the Higher Education Funding Council for England.
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